The efficacy of nicotine replacement therapy (NRT) is well demonstrated in clinical trials in which NRT is accompanied by behavioral support. Epidemiologic data, however, indicate that people using NRT are no more likely to successfully quit smoking than those who do not use NRT.
trol initiatives, of which some have had success, particularly in countries where there is support for these initiatives. 2 However, more scalable, evidence-based interventions are needed to further reduce the prevalence of tobacco smoking. Provision of nicotine replacement therapy (NRT) is one option that has a considerable evidence base, at least in clinical trials. In a meta-analysis of 150 trials, NRT has demonstrated efficacy, with NRT increasing the rate of quitting smoking by 50% to 70%, irrespective of the clinical setting in which the smoker is treated. 3 However, concern over the effectiveness of NRT in real-world settings has emerged. Population survey data comparing those who used NRT (obtained over the counter) during a quit attempt and those who did not use NRT has found no association between use of NRT and an increase in success rates. 4, 5 Although causal statements regarding the effect of NRT cannot be made based on these population survey data, because participants were not randomized and thus other factors could be systematically different between those who used NRT and those who did not, these findings are troubling. They point specifically to the need for randomized clinical trials of the effectiveness of NRT in naturalistic settings where there is no additional behavioral support (such as that provided in clinical trials) to evaluate the effectiveness of NRT as it is likely used by most people trying to quit smoking. 6 A meta-analysis 7 revealed that earlier trials investigating the efficacy of over-the-counter NRT incorporated methods that entailed between 3 and 10 visits with researchers or pharmacists, making it unrealistic to describe these studies as research testing the efficacy of NRT without behavioral support.
Another compelling reason for the conduct of such randomized clinical trials is the ongoing public health initiatives in which NRT has been distributed free of charge by mail to those who call in to receive them. These mass distribution initiatives have been ongoing in a number of countries, with considerable resources allocated to their implementation. 8, 9 There are promising results supporting these mass distribution efforts in the number of current smokers responding to the initiatives and the proportion of smokers who are reporting abstinence at follow-up. [9] [10] [11] [12] [13] Furthermore, there is evidence that the distribution of free NRT is cost-effective, with a cost of Can$1720 per quit participant in the Canadian mass distribution initiative. 9 However, data collected before and after the implementation of these initiatives cannot allow causal statements as to their effectiveness because there is no randomization to condition. The current trial was designed to evaluate the efficacy of providing free NRT (in the form of the nicotine patch) by expedited postal mail without behavioral assistance to smokers interested in receiving it. The design allowed for a randomized clinical trial comparing participants who were interested in receiving nicotine patches and received them with participants who were interested in receiving nicotine patches but did not receive them. Those who did not receive nicotine patches were unaware that the nicotine patches were being offered to others, allowing for a strong test of the hypothesis. The primary hypothesis was that participants who were sent free nicotine patches by mail would have a higher proportion of 30-day abstinence at 6-month follow-up compared with participants who were not sent nicotine patches. The secondary hypothesis tested the effect of receiving free nicotine patches on 7-day abstinence at 8-week follow-up.
Methods

Trial Design
We conducted a single-blinded, 2-group randomized clinical trial comparing a control group with an experimental group receiving nicotine patches by mail. The trial protocol can be found in the Supplement. The research was approved by the institutional review board at the Centre for Addiction and Mental Health. The published protocol 14 was approved by the institutional review board at the Centre for Addiction and Mental Health before trial initiation.
Study Population and Recruitment
Participants were recruited using a general population telephone survey of Canadian households, conducted from June 4, 2012, through June 26, 2014. Follow-up was completed on January 5, 2015, and data were analyzed from May 24, 2015, through July 6, 2015. Interviews and recruitment were conducted by trained interviewers at the Survey Research Centre, University of Waterloo, using computer-assisted telephone interview technology. With the use of random-digit dialing of home and cell telephone numbers, an initial screening interview identified adult (aged ≥18 years) smokers who smoked 10 or more cigarettes per day. Respondents were selected based on the next birthday randomization method, whereby individuals answering the telephone were asked for an adult smoker in the household with the next birthday. Individuals contacted on their cell phone were considered as individual households, and this next birthday random selection method was not used. Verbal consent to participate in the study was obtained via telephone because this was the primary method of recruitment. All participants were informed at baseline that they would be taking part in a longitudinal survey on smoking and consented to submit a saliva sample at each time point (baseline, 8 weeks, and 6 months) to examine changes in nicotine metabolism over time. No mention was made to participants at any time that they were taking part in a randomized clinical trial. We wished to reduce any potential differential rates of saliva sample return by condition and smoking status and diminish the possibility that receiving a saliva sample kit would encourage participants to provide biased responses. Therefore, saliva sample kits were sent to all participants at each survey time point, regardless of whether they reported abstinence. As part of the telephone survey and nested within a series of questions inquiring about use of, or interest in, other tobacco cessation aids, participants were asked, "The Ministry of Health is considering different ways to help people stop smoking. One option would be to provide interested smokers with free nicotine patches. If nicotine patches were offered for free, would you be interested in receiving them?" Those who stated that they were interested were then asked if they would use the patches to quit smoking, would use them within 1 week of receiving them, and were willing to have the patches sent to their home. Participants who said yes to all these questions, had no contraindications to using nicotine patches (being pregnant, intending to become pregnant, breastfeeding, or having a serious heart or circulation problem, not including high blood pressure), and had a valid home address that was not a post office box (for timely expedited postal delivery of nicotine patches and saliva sample kits) were randomized. Participants who did not answer yes to these questions were ineligible for the randomized clinical trial and were thanked for their participation in the survey but were not recontacted for the follow-up surveys.
Randomization, Masking, and Interventions
Participants eligible for the trial were randomized to the experimental or control group (Figure) using a random number generator contained in the computer-assisted telephone interview program. Randomization was conducted in blocks of 10 with a 1:1 allocation to the experimental group within each block and with no stratification. Those in the experimental group were told, "As part of a pilot trial, the Centre for Addiction and Mental Health has a supply of nicotine patches to distribute to interested smokers. You told us that you would be interested in receiving a free supply of nicotine patches. Do we have your permission to mail them directly to your home?" All who were offered the nicotine patches also consented to have them sent to their home. They were sent a 5-week course of nicotine patches by expedited postal mail along with a cover letter instructing them on the use of the patches and advising them to talk to their physician or pharmacist if they had any further questions (no other behavioral support was provided; 3 weeks of step 1 [21 mg of nicotine], 1 week of step 2 [14 mg of nicotine], 1 week of step 3 [7 mg of nicotine]). The 5-week course was chosen because it mimicked the quantity of nicotine patches sent in the Ontario-based mass distribution initiative and is in line with the amount of nicotine patches mailed in other reports of mass distributions initiatives. 8, 9 Participants randomized to the control group were told that they would be recontacted at the next follow-up survey, but no mention of nicotine patches was made. All participants were followed up at 8 weeks and 6 months by telephone. Interviewers were masked to the experimental group at the time the primary outcome measures were assessed at each follow-up (ensured through use of the computer-assisted telephone interview program). The Salivette saliva sample collection kit (Sarstedt AG & Co) was mailed with the $20 payment after the baseline interview. One week before the 8-week and 6-month follow-ups, participants were sent the $20 payment for the respective telephone survey and the saliva sample kit. As an added incentive for the return of saliva samples, participants were also informed that they would receive an additional $10 on the submission of each sample.
Outcomes and Statistical Analyses
Full details of the sample size calculations and statistical analyses can be found in the trial protocol in the Supplement. 14 In brief, based on data from the 2008 Canadian Tobacco Use Monitoring Survey, 15 we estimated that a baseline smoking cessation rate of 3.7% would be observed in the control group at 6 months. This estimate was consistent with another report 16 of successful unassisted long-term abstinence rates of 3% to 5%. Quit rates for the experimental group were estimated based on systematic reviews, 17, 18 which indicated an approximately 10% increase in tobacco cessation rates with the use of nicotine patches at 6-month follow-up compared with placebo. We recognized that this estimate was probably too large for a pragmatic randomized clinical trial of this nature; therefore, we chose to power our trial based on the assumption that our quit rate would be half as large (ie, a 5% increase in quit rates in the experimental group vs the control group at 6-month followup). Given these assumptions, we predicted that participants in the experimental group would have an 8.7% quit rate at 6-month follow-up. It was determined that a sample size of 1000 participants would be needed to take part in the trial to detect a 5% difference in quit rates between groups at 6 months, at a significance level of .05 and a power of 80% (taking into account a 20% attrition rate at the 6-month follow-up). Separate logistic regression analyses were conducted to compare the proportion of participants who had reported stopping smoking at 6 months (primary outcome: 30-day absti- nence from tobacco cigarettes, even a puff) and 8 weeks (secondary outcome: 7-day abstinence from tobacco cigarettes, even a puff). Following the analysis plan specified in the protocol, an intent-to-treat approach was used, and participants lost to follow-up were considered active smokers. A complete case analysis is also reported, including only participants who provided follow-up data at each time point. The protocol for this study called for abstinence to be confirmed by biochemical validation. Despite following the postal mail saliva collection protocol used in other research, 19 ,20 a large proportion of participants did not return usable saliva samples. For example, 69.8% of participants reporting 30-day abstinence at the 6-month follow-up returned their saliva samples, and 27.0% of these samples had evaporated, allowing biochemical validation of only 50.9% of participants who claimed abstinence (no significant difference; P > .05 between groups on these factors). Furthermore, the fact that so many saliva samples evaporated calls into question the validity of the remaining samples because some may have partially evaporated, thus increasing the cotinine concentration in the sample. Given these limitations, both self-reported and biochemically validated outcome results are reported here. Biochemical validation of abstinence was defined as the participant having a returned saliva sample with a cotinine concentration of less than 15 μg/L (to convert to nanomoles per liter, multiply by 5.675). 21 All statistical analyses were conducted using SPSS statistical software, version 20.0 (SPSS Inc).
Results
A total of 43 785 Canadian households (including cell phones) were contacted from June 4, 2012, through June 26, 2014, using random-digit dialing methods and screened for initial eligibility, of which 2737 were identified as having at least 1 adult who smoked 10 or more cigarettes per day. A total of 2093 participants consented and were interviewed as part of the baseline survey (76.5% response rate). Of these, 1000 were found eligible for the trial and randomized to a group. One individual in the control group had reported at follow-up that her responses throughout the study had been falsely provided by someone else in the household; therefore, after this individual's exclusion, analyses had been conducted on 500 participants in the experimental group and 499 participants in the control group. Follow-up rates were not significantly different (Fisher exact test, P = .41) between groups at 8 weeks but were significant at 6 months (P = .04). However, because participants lost to follow-up were counted as current smokers and because the follow-up rate in the experimental group was lower than in the control group (77.8% vs 83.2%), the differential rates do not increase the chances of finding a significant difference in cessation rates owing to the provision of NRT. The Figure provides a CONSORT flow diagram for the trial. Bivariate comparisons were made between participants in the experimental and control groups on demographic and smoking characteristics. With the exception of age (mean age, 48.0 years for the experimental group and 49.7 years for the control group; P = .046), no significant differences were observed between groups on any of the demographic or smoking characteristics (P > .05; Table) . Because the difference in age was marginal and only significant because of the large sample size, we chose not to control for age in the outcome analyses. Separate logistic regressions were conducted to assess differences in the proportion of participants reporting 30-day abstinence at the 6-month follow-up and 7-day abstinence at the 8-week follow-up, using an intent-to-treat approach.
Biochemically Validated Abstinence
Half (50.9%) of the participants had useable saliva samples for biochemical validation. Saliva sample return rates among selfreported abstainers did not differ significantly by group at either the 8-week (P = .36) or 6-month (P > .99) follow-up. Participants receiving nicotine patches were significantly more likely to have verified abstinence at 6-month follow-up (14 CI, 0.98-9.50; P = .06). The number needed to treat to achieve cessation was 56 (95% CI, 29-922) for the 6-month follow-up.
Complete case analyses at 6 months similarly revealed greater odds of cessation in the experimental group (14 [3.6%] of 389) vs the control group (5 [1.2%] of 415) (OR, 3.06; 95% CI, 1.09-8.58; P = .03). At 8 weeks, 12 (2.8%) of 427 participants in the experimental group and 4 (0.9%) of 436 in the control group had stopped smoking (OR, 3.12; 95% CI, 1.00-9.76; P = .05)
Self-reported Abstinence
Participants receiving nicotine patches were significantly more likely to report abstinence at 6 months (38 [7. 6%] of 500 vs 15 [3.0%] of 499; OR, 2.65; 95% CI, 1.44-4.89; P = .002) and 8 weeks (37 [7. 4%] of 500 vs 11 [2.2%] of 499; OR, 3.55; 95% CI, 1.79-7.03; P < .001) compared with the control group. The numbers needed to treat to achieve cessation were 22 (95% CI, 14-55) and 20 (95% CI, 13-39) for the 6-month and 8-week end points, respectively. Complete case analyses revealed similar findings, with self-reported abstinence rates significantly higher among participants who were sent nicotine patches by mail compared with the control group at 6-month (38 [ 
Use of Nicotine Patches
In the experimental group, 421 (98.6%) of all 427 participants surveyed at 8 weeks reported to have received the nicotine patches they were sent, and 246 (58.4%) of those 421 reported to have used the nicotine patches. A total of 200 (81.3%) of all 246 nicotine patch users reported using only some of the nicotine patches they received by 8 weeks, whereas 46 (18.7%) of 246 had used all that were provided. Of participants followed up at 8 weeks, 13 (3.0%) of 427 of those in the experimental group had purchased additional nicotine patches, compared with 30 (6.9%) of 436 in the control group (P = .01). At the 6-month follow-up, however, no differences between groups were observed, such that 25 (6.4%) of 389 of those in the experimental group and 31 (7.5%) of 415 in the control group had purchased nicotine patches (P = .58). Purchase of any other smoking cessation aids (ie, nicotine gum, inhaler, bupropion, or varenicline) similarly did not differ between groups (P = .19).
Discussion
Providing a 5-week supply of nicotine patches via mail resulted in more than a doubling of 30-day abstinence quit rates at the 6-month follow-up. Because the provision of NRT was without behavioral assistance, the results of this trial provide evidence of the effectiveness of nicotine patches as a tobacco cessation aid in real-world settings.
Although a random-digit dialing method was used, the sample should not be taken as representative of the general population because of the multiple inclusion steps taken to recruit the sample. Rather, the sample is best regarded as a diverse one from rural and urban settings across Canada. Furthermore, the findings of the trial do not provide direct evidence of the efficacy of mass distribution initiatives because the recruitment method for this trial was different from that used in mass distribution initiatives (random-digit dialing rather than interested participants calling a toll-free number). However, the results of the trial provide general support for direct-to-smoker programs with free mailed nicotine patches.
In efficacy trials of smoking cessation medications, biochemical validation using exhaled carbon dioxide or cotinine in saliva, urine, or blood is considered the criterion standard. However, in population-based studies, given the large sample sizes, differential reporting biases between groups are unlikely to invalidate the findings. Although consensus statements indicate that biochemical validation of tobacco cessation is not required in the present study, 21 the protocol for the current trial stated that biochemical validation would be conducted. Thus, the poor response rate and the questionable reliability of the saliva samples because of evaporation are limitations of the results and reduce confidence in the validity of the findings. Although the study design has several strengths in allowing for a test of the effect of nicotine patches without behavioral support and without participants in the control group being aware that other participants were even offered nicotine patches (or participants even being aware they were in a randomized trial), the recruitment method and study rationale provided to the participants likely resulted in a study population that was not aware of the importance of returning the saliva samples. Perhaps a larger incentive would have resulted in a better return rate. However, this approach would not have addressed the additional issue of evaporated saliva samples. To partially counteract this limitation, we also provided selfreported abstinence as an outcome measure. We suspect that the self-reported abstinence rate is closer to the actual abstinence rate in this study because the self-reported abstinence rate in the control group was similar to that reported in other general population samples 15, 16 and because the rates reported in the experimental group were similar to that reported based on before-after data from a mass distribution initiative in the same country. 9 However, there is no way to confirm this hypothesis. Perhaps this is a limitation that needs to be accepted in a pragmatic trial, such as the one described here, because the participant sample was widely dispersed (across all of Canada) and the procedures called for no physical contact with the participants. We conclude that, although biochemical validation would increase confidence in the results, there is sufficient evidence of the reliability of self-reported tobacco cessation [22] [23] [24] [25] to warrant the statement that the provision of nicotine patches by expedited postal mail, and without behavioral support, promotes tobacco cessation in the short term. Further research is merited to systematically replicate these findings and to estab-lish any long-term effect of providing NRT without behavioral assistance. The absolute level of increase in 30-day abstinence rates (3.0% in the control group to 7.6% in the experimental group) represents a smaller increase than that observed in clinical trials that involve nicotine patches. 17, 18 We believe this is a result of recruiting a general population sample of smokers who were not seeking tobacco cessation assistance. Furthermore, we note that the 30-day abstinence rate in the control group was lower than the estimate in our sample size calculation (3.0% vs 3.7%). This outcome resulted in a significant finding in this trial even though the absolute difference between groups was 4.6% rather than the estimated 5%. The choice of 5% for the sample size calculation did not represent a cutoff below which the utility of mailed NRT is diminished. Rather, it was a simple estimate of the anticipated effect of the intervention in the general population. The ORs reported in this trial are larger than those observed in clinical trials of the efficacy of NRT 3 because the low cessation rates seen in the control group of this general population sample (3.0%) allowed for a significant increase in cessation rates, whereas the actual increase in cessation rates was small (4.6%).
Conclusions
Meta-analyses and population-based studies 3, 26 suggest that NRT should be used for approximately 8 weeks; however, a shorter duration as used in our study indicated an effect. Also encouraging was that the 6-month quit rates were similar to those observed in other NRT mass distribution initiatives that used 5 weeks of NRT. 9 Although some smokers may benefit from receiving more NRT, mass distribution initiatives providing less NRT allow for more people to access the program at the same cost. Research is needed to determine the optimum amount of NRT to be distributed to have the greatest effect at the population level.
